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Ampere’s Circuital Law 
Since the magnetic field due to a current carrying wire is perpendicular to the plane carrying 

it and its value at any point at a distance r from the wire is given as: 

B= 
 μ0  

4π
(

2I  

𝑟
)  ................................(1) 
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Let us consider a circular path of radius r, enclosing a wire carrying the current I (fig). 

The magnetic field at every point lying on this path, is same and is given by equation (1) and 

will be parallel to the path everywhere.  

The line integral of B around this path is given by : 

                                               

  ∮ 𝐵. 𝑑𝑙=B∮ 𝑑𝑙 
                                                      

=
 μ0  

4π
(

2I  

𝑟
)  (2πr)       (since circumference of circle= 2πr) 

      ∮ 𝐵. 𝑑𝑙= μ0I ..........(2) 

This result of equation (2) is independent of path r so any path having same current will have 

the same magnetic field. So in general we can write: 

    ∮ 𝐁. 𝐝𝐥= μ0 x current (I) enclosed by path ..............(3) 

If the given path loops the current N times then we can write: 

      ∮ 𝐵. 𝑑𝑙= μ0NI ..........(4) 

These equations (2) to (4) are called the Ampere’s circuital law or simple Ampere’s Law. 

 



Applications of Ampere’s circuital Law 

1. Magnetic Field of a long straight current carrying wire 

As shown in the figure the magnetic lines of force of magnetic field ‘B’ will be closed 

concentric circles. The value of field B at all point on a circle will be same due to 

symmetry. The line integral   ∮ 𝐵. 𝑑𝑙 of the circle will be simply the magnitude B of the 

field and the circumference of the circle. Then we can write: 

 

 
Fig 

      ∮ 𝐵. 𝑑𝑙= B 2πr .............................(1) 

 

Where ‘r’ is the radius of the circle. Now if total current flowing in the wire is ‘I’ then 

from Ampere’s circuital law:   

    ∮ 𝐵. 𝑑𝑙= μ0I ............................(2) 

 

 So we have from (1) & (2); 

    B 2πr= μ0I 

     

B= 
 𝝁𝟎  

𝟒𝝅
 (

 𝟐𝑰  

𝒓
)..................................(3) 

 

Which is same as obtained by Biot-Savart law? 

In vector form we can write : 

    B= 
 μ0  

4π
 (

 2Ix 𝑟^ 

r
)..............................(4); 

Where r^ is a unit vector along radius ‘r’. 

 

2. Magnetic field due to long current carrying solenoid 

When a solenoid is very long then magnetic field inside it is very strong as compared 

field outside it and therefore field lines are parallel to the solenoid axis as shown in 

figure. To calculate magnetic field considering a rectangular path ABCD, half inside and 

half outside the solenoid.  

The line integral of B for this path is then given by: 

     

   ∮ B. dl= ʃAB B. dl+ ʃBC B. dl + ʃCD B. dl + ʃDA B. dl ....................(1) 

The second and fourth integrals will vanish to zero as B is perpendicular to path BC and DA. 
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The third integral is negligible to first integral as it lies outside the solenoid. So we are left 

with first integral only: 

   ∮ B. dl= ʃAB B. dl= B L ...........................(2) 

Where B is the magnitude of magnetic field inside the solenoid. Now if N is the number of 

turns in the length L of the solenoid then form Ampere’s law: 

   ∮ B. dl = μ0NI ..........................(3) 

Equating (2) & (3);  B L = μ0NI 

   B= 
 μ0NI  

L
 = μ0nI ...........................(4) 

Where n = 
 N  

L
; is the number of turns per unit length of the solenoid. This is again the same 

result as found by Biot-Savart law. 

 


